We evaluated the factors that determine the heart rate response to exercise in 60 patients with atrial fibrillation (25 men and 35 women, with a mean age of 61 ± 10 years) who underwent symptom limited cardiopulmonary exercise testing with blood sampling of atrial natriuretic peptide (ANP), 2-dimensional echocardiography and cardiac catheterization. Atrial muscles resected during the Maze operation were examined histologically in 12 patients. The heart rate response to exercise depended on the severity of the atrial organic injury, which was expressed as left atrial diameter, ANP secretion during the maximal exercise testing and the histological findings of atrial tissue. Conversely, we believe that the severity of the atrial injury can be predicted from the heart rate response to exercise in patients with atrial fibrillation. (Jpn Heart J 2000; 41: 445-450) Key words: Atrial fibrillation, Cardiopulmonary exercise testing, 2-Dimensional echocardiography, Atrial natriuretic peptide, Heart Rate ATRIAL fibrillation, which is one form of arrhythmia observed at a high rate, has been considered to occur in 0.15-1.5% of the overall population and 8-17% of patients over 60 years of age. 1) Atrial fibrillation has three clinical problems, as follows: 1) atrial thrombus as the source of thrombotic embolism, 2) decreased cardiac output due to a loss of atrial contraction, and 3) the development of palpitations due to an irregular heart rate and tachycardia. In particular, the problem of overwhelming tachycardia during exercise is often encountered in the routine clinical setting. With the objective of evaluating the factors that determine the heart rate response to exercise in patients with atrial fibrillation, we conducted the following investigation.
ATRIAL fibrillation, which is one form of arrhythmia observed at a high rate, has been considered to occur in 0.15-1.5% of the overall population and 8-17% of patients over 60 years of age. 1) Atrial fibrillation has three clinical problems, as follows: 1) atrial thrombus as the source of thrombotic embolism, 2) decreased cardiac output due to a loss of atrial contraction, and 3) the development of palpitations due to an irregular heart rate and tachycardia. In particular, the problem of overwhelming tachycardia during exercise is often encountered in the routine clinical setting. With the objective of evaluating the factors that determine the heart rate response to exercise in patients with atrial fibrillation, we conducted the following investigation.
The subjects included a series of 60 patients with atrial fibrillation (25 men and 35 women, with a mean age of 61 ± 10 years) who underwent symptom limited cardiopulmonary exercise testing (CPX). The CPX was a ramp load at 15 W / min after a 3-min warm up at 10 W using an upright bicycle ergometer. Continuous expiratory gas analysis was performed breath-by-breath during exercise. Blood was sampled from the cubital vein before and immediately after exercise testing in order to determine the concentration of atrial natriuretic peptide (ANP) by radioimmunoassay (Shionoria, Shionogi and Co., Ltd., Osaka, Japan). In principle, the anaerobic threshold (AT) was measured by the V-slope method and was determined on the basis of agreements by 2 or more of 3 experienced examiners. The underlying cardiac diseases were: mitral stenosis in 12 cases, mitral regurgitation in 27 cases, mitral stenosis plus regurgitation in 16 cases, atrial septal defect in 3 cases, aortic insufficiency in 1 case, and constrictive pericarditis in 1 case. Oral digitalis was prescribed to 55 patients. Although no patients took any beta-blockers or verapamil, diltiazem was prescribed to one patient in each group. The subjects were classified into responder and non-responder groups; those who achieved a maximal heart rate upon the termination of exercise reaching the predicted maximal heart rate by age (220 -age) or more were classified into the responder group (n = 30) and those who did not reach the maximal heart rate were classified into the non-responder group (n = 30). Various parameters of 2 -dimensional echocardiography and cardiac catheterization at rest were compared between the two groups. In some patients (6 per group), atrial muscles resected during the Maze operation were examined histologically. In the tissues resected from the bilateral atrium, the severity of myocardial degeneration, interstitial fibrosis and endocardial thickening were scored semi-quantitatively as 0, 1, 2 and 3, respectively, and the evaluation was made according to the total score (index of tissue injury 2) ). The values are expressed as mean ± SD. Statistical significance was assayed using the unpaired t-test, and the level of 5% was regarded as significant. Table I summarizes the background factors in the responder and nonresponder groups. There were no significant differences between the two groups with respect to mean age, gender, severity of cardiac failure according to the NYHA classification of cardiac function, underlying heart disease, pulmonary wedge pressure, left ventricular ejection fraction, or the percentage of patients taking oral digitalis. The resting and maximal heart rates in the responder group were significantly higher than those in the non-responder group (p < 0.05, p < 0.01, respectively). The other results are summarized in Table II . The left atrial dimension was 55 ± 11 mm and 62 ± 14 mm, respectively, showing a significantly lower value in the responder group (p < 0.05). The tissue injury index was 7.8 ± 1.7 and 12.0 ± 1.9, respectively, showing a lower value in the responder group (p < 0.01). The AT was not significant between the two groups, however, the peak oxygen uptake was significantly higher in the responder group compared to the non-responder group: 18.4 ± 3.7 ml / kg / min and 16.3 ± 2.2 ml / kg / min, respectively (p < 0.01). Although the difference in the ANP level at rest was insignificant between the two groups, there was a tendency for a higher ANP immediately after exercise testing in the responder group compared to the non-responder group; 188 ± 148 pg / ml and 127 ± 77 pg / ml, respectively (p = 0.09).
In the pathologic state of atrial fibrillation, problems arise from the change in hemodynamics due to a loss of effective atrial contraction and irregular ventricular contraction, except for the complication of embolism 
Variables are expressed as mean ± SD. *p < 0.05, **p < 0.01. due to atrial thrombus. In patients with atrial fibrillation, the atrium is under continuous dilatation functionally. Therefore, the pumping action of the atria to push blood into the ventricles is lost and cardiac output decreases. Halmos, et al. 3) reported that an increase in cardiac output at rest (mean 53%) occurred one week after electrical defibrillation in patients with atrial fibrillation associated with rheumatic valvular disease. Scott, et al. 4) also reported increased cardiac output at rest (mean 29%) three days after electrical defibrillation. These findings suggest a loss of atrial contraction causes the reduction in cardiac output. In a previous study, we performed symptom limited CPX in patients with atrial fibrillation and subjects with sinus rhythm matched to the left ventricular function, and reported that compared to the patients with sinus rhythm, those with atrial fibrillation had a significantly higher maximal heart rate and a significantly lower maximal oxygen uptake. 5) Atwood, et al. 6) regarded the excess heart rate response to exercise in patients with atrial fibrillation as a compensation mechanism for making up the reduced cardiac output due to atrial dysfunction by increasing the heart rate. In patients with atrial fibrillation, however, excess tachycardia during exercise results in the complaint of palpitations, leading to impairment of the quality of life.
In the present study, we evaluated the factors that determine the heart rate response to exercise in patients with atrial fibrillation. First, the subjects were divided into two groups according to whether their maximal heart rate upon termination of exercise reached or exceeded the predicted maximal heart rate by age. Since there were no significant differences between the two groups in terms of mean age, sex, severity of cardiac failure, underlying disease, and cardiac function, the two groups were considered to have almost the same clinical backgrounds. The responder group had a smaller left atrial dimension than the non-responder group, which suggests a milder load on the left atrium in the responder group than in the non-responder group. Kamata, et al. 7) reported that of the patients who underwent the Maze operation, which is radical surgery for atrial fibrillation, those with a left atrial dimension under 65 mm easily maintained the sinus rhythm after surgery, while those with a left atrial dimension of 65 mm or more had difficulty in maintaining the sinus rhythm after surgery. This suggests that the left atrial dimension could be used as an index for representing the severity of left atrial injury. In the present study, although small in number, a semi-quantitative histological evaluation was made of the severity of atrial tissue injury using a tissue injury index. The results showed significantly mild atrial tissue injury in the responder group compared to the non-responder group. This indicates that the heart rate Vol 41 No 4 response to exercise was larger with milder anatomical atrial tissue injury.
Electrophysiologically, irregular atrial fibrillary wave and atrioventricular node conduction play a role in the heart rate response to atrial fibrillation. 8) Conduction through the conduction route starting from the atrium toward the atrioventricular node, in addition to the quality of atrioventricular node conduction per se, can be an important factor underlying atrioventricular node conduction. In other words, the milder the severity of atrial tissue injury, the better the conduction through the conduction route from the atrium toward the atrioventricular node is likely to be. This is the predicted determinant of heart rate at rest and heart rate response to exercise.
Despite the absence of significant differences in the severity of cardiac failure, underlying disease, left ventricular function, and ANP concentration at rest between the two groups, the ANP concentration immediately after exercise testing tended to be higher in the responder than in the non-responder group. This means better ANP secretion by the atrium in the responder group than in the non-responder group, if the exercise testing is taken as a stimulus to the atrium to secrete ANP in patients with cardiac failure.
9) It was also considered from the aspect of ANP secretion that the heart rate response to exercise is larger with milder atrial functional disturbance. The peak oxygen uptake was significantly higher in the responder group compared to the non-responder group. Such a higher oxygen uptake in the responders with a better heart rate response may be interpreted as reflecting the fact that the peak oxygen uptake depends on the maximal heart rate, maximal stroke volume, and the difference between the maximal arterial and venous oxygen contents.
The heart rate response to exercise in patients with atrial fibrillation depends on the severity of atrial organic injury. Conversely, this may indicate that the severity of atrial injury can be predicted from the heart rate response to exercise.
